I. INTRODUCTION
S PART OF the Navy's high-temperature electronics program, high-temperature barrier metallizations were assessed and tested for I 2L and CMOS applications. Life tests were accelerated to 3500C in view of the -550C to +3000C temperature range established for engine-located electronics without fuel cooling.
The gold-refractory metallizations evaluated were Au-TiWPtSi, Au-TiW/TiO2/TiW-PtSi, and Au-TiW(N)-PtSi. These metallization systems were thermally annealed to at least 3500C for up to 100 h. The critical requirement for stable diffusion barrier is the TiW grain size. Small-grain (250 A-500 A) films were observed to be stable up to 3750C. Deposition of the TiW diffusion barrier in the presence of oxygen and nitrogen also results in an effective diffusion barrier. Life tests at 3400C up to 100 h have been completed.
AES profiles of the PtSi indicates some penetration by the TiW. In the case of PtSi/TiW interface, the redistribution of oxygen further passivates the system by forming a TiO2 layer at the interface. Characterization of I2L devices subjected to 3400C anneals will also be published in the near future.
Previous investigations [1 ] -[3 1 on the interdiffusion and reliability of Au-refractory films used in devices have neglected "substrate" effects. It is recognized that the substrate can be a very active member of diffusion couples which may in many cases accelerate degradation observed in the gold conductor and refractory barrier. In assessing the high-temperature reliability of Au-Ti(W) films for high-temperature applications, we also compare the role that three different intervening layers on silicon substrates play in the stability of these metallizations. These layers are PtSi, SiO2, and Si3N4. [4] , [5] . Since the primary diffusion mechanism at temperatures below 5000C is grain-boundary diffusion, the formation of TiN or TiO2 at the TiW grain boundaries inhibits significant grain-boundary diffusioin up to 4500C.
The Au-TiW/TiO2 system was assessed by annealing at 3500C for 100 h. The initial film profile is shown in Fig. 4 fore, small-grained TiW layers may be further stabilized by the addition of a TiO2 layer during the initial stages of deposition. The Au-TiW(N) system was also assessed by annealing at 3500C for 100 h. Even in the case of high substrate temperature deposition conditions (1200C) the TiW(N) was found to be stable as shown in Fig. 7 . The nitrogen is shown to be uniformly distributed throughout the bulk of the TiW layer at a level of approximately 10 atomic percent. The Au layer is shown to have interdiffused only at the Au-refractory interface and not into the bulk of the TiW layer.
The AuTiW(N)-PtSi system was found to be stable up to 4500C as shown in Table II , where the atomic percent Si and Au detected in the bulk of the TiW by energy dispersive X-ray analysis is summarized. However, at 4500C, the significant observation is that silicon was not observed in the Au overlayer, thus showing the overall stability of TiW(TiN) as a diffusion barrier.
As part of the Navy's High-Temperature Electronics Program, a custom I 2L metailization test mask set has been processing using the Au-TiW-PtSi system. The test mask includes a number of different test elements which are aimed at determining design constraints on ohmic contacts, metal width, and spacing. Also included are symmetrical cell I 2L logic [6] , [7] . For sharp profiles, the concentration at the interface (Au or W) to a depth Y is given as
The concentration gradient is then determined by differen- where 6 is the width of a grain boundary. The results of these measurements are shown in Fig. 8 
